We have undertaken a long-term project, Planets in Stellar Clusters Extensive Search (PISCES), to search for transiting planets in open clusters. In this paper we present the results for NGC 2158, an intermediate age, populous cluster. We have monitored the cluster for over 260 hours, spread over 59 nights. We have detected one candidate transiting low luminosity object, with eclipse depth of 3.7% in the R-band. If the host star is a member of the cluster, the eclipse depth is consistent with a 1.7 R J object. Cluster membership of the host is supported by its location on the cluster main sequence (MS) and its close proximity to the cluster center (2 ′ ). We have discovered two other stars exhibiting low-amplitude (4-5%) transits, V64 and V70, but they are most likely blends or field stars. Given the photometric precision and temporal coverage of our observations, and current best estimates for the frequency and radii of short-period planets, the expected number of detectable transiting planets in our sample is 0.13. We have observed four outbursts for the candidate cataclysmic variable V57. We have discovered 40 new variable stars in the cluster, bringing the total number of identified variables to 97, and present for them high precision light curves, spanning 13 months.
Introduction
We have undertaken a long-term project, Planets in Stellar Clusters Extensive Search (PISCES), to search for transiting planets in open clusters. To date we have published a feasibility study based 1 on one season of data for NGC 6791 (Mochejska et al. 2002, hereafter Paper I) and a catalog of 57 variable stars for our second target, NGC 2158, based on the data from the first observing season (Mochejska et al. 2004, hereafter Paper II) . We have also published the results of an extensive search for transiting planets in NGC 6791, based on over 300 hours of observations, spread over 84 nights (Mochejska et al. 2005 , hereafter Paper III). We have not detected any promising candidates, and derived an estimate of 1.7 expected transiting planets.
In this paper we present the results of a search for transiting planets in the open cluster NGC 2158 [(α, δ) 2000 = (6 h 7 m , +24
• 0 ′ ); (l, b) = (186.
• 63, +1.
• 78)]. It is a very populous, intermediate age (τ =2-3 Gyr), rather metal poor ([Fe/H]=-0.46) open cluster, located at a distance of 3.6 kpc (Carraro et al. 2002, hereafter Ca02; Christian, Heasley and Janes 1985) .
Searching for planets in open clusters eliminates the problem of false detections due to blended eclipsing binary stars, which are a significant contaminant in the Galactic field searches (over 90% of all candidates; Konacki et al. 2003; Udalski et al. 2002a Udalski et al. , 2002b . Blending causes a large decrease of the depth of the eclipses and mimics the transit of a much smaller object, such as a planet. As opposed to dense star fields in the disk of our Galaxy, open clusters located away from the galactic plane are sparse enough for blending to be negligible.
There are two key elements in a survey for transiting planets. The most commonly emphasized requirement is the high photometric precision, at the 1% level. The more often overlooked factor is the need for very extensive temporal coverage.
Extensive temporal coverage is important because even for planets with periods between 1 and 2 days, the fractional transit length is only ∼5% of the period, and it drops to ∼2% for periods 2-10 days. During the remaining 95-98% of the period the system is photometrically indistinguishable from stars without transiting planets. To our best knowledge, PISCES is the most extensive search for transiting planets in open clusters in terms of temporal coverage with a 1 m telescope.
The paper is arranged as follows: §2 describes the observations, §3 summarizes the reduction procedure, §4 outlines the search strategy for transiting planets, §5 gives an estimate of the expected number of transiting planet detections and §6 contains the variable star catalog. Concluding remarks are found in §7.
Observations
The data analyzed in this paper were obtained at the Fred Lawrence Whipple Observatory (FLWO) 1.2 m telescope using the 4Shooter CCD mosaic with four thinned, back side illuminated AR coated Loral 2048 2 CCDs (Szentgyorgyi et al. in preparation). The camera, with a pixel scale of 0.
′′ 33 pixel −1 , gives a field of view of 11. ′ 4 × 11. ′ 4 for each chip. The cluster was centered on chip 3 (Fig. 1) . The data were collected during 59 nights, from 2003 January 3 to 2004 February 17. A total of 965 × 900 s R and 223 × 450 s V -band exposures were obtained.
Data Reduction

Image Subtraction Photometry
The preliminary processing of the CCD frames was performed with the standard routines in the The ISIS reduction procedure consists of the following steps: (1) transformation of all frames to a common (x, y) coordinate grid; (2) construction of a reference image from several of the best exposures; (3) subtraction of each frame from the reference image; (4) selection of stars to be photometered and (5) extraction of profile photometry from the subtracted images.
We used the same parameters for image subtraction as in Paper III. The reference images were constructed from 25 best exposures in R and 12 in V .
Calibration
To calibrate the V R photometry we used two photometric catalogs: Ca02 al. 1997 (hereafter KAS97). The CCD photometry from Ca02 has higher accuracy, while the photographic catalog from KAS97 overlaps all four chips, but it has a different zeropoint and larger internal scatter, as described in Paper II. The R-band photometry was calibrated from the photometry published by Ca02. We used 1685 stars above R = 18.5 to determine the zero point of the magnitude scale for chip 3. The rms scatter around the offset was 0.09. Offsets between chip 3 and the remaining chips were determined from an image, taken with chip 3, centered on the center of the array. The number of stars used to determine the offset was 121, 135 and 293 for chips 1, 2 and 4, respectively.
As a consistency check, we compared these offsets with those derived independently between chips 1, 2 and KAS97, and chip 4 and Ca02. The differences in the offsets were 0.215, 0.181, and 0.010, based on 19, 90 and 36 stars, respectively. For chip 4, as expected, there is excellent agreement, while for chips 1 and 2 the different zero point of the two catalogs is apparent.
The V -band photometry for chips 1 and 2 was calibrated against KAS97. To determine the zero points we used 19 and 90 stars above 17 mag for chips 1 and 2, respectively. The rms scatter of the residuals was 0.13 on both chips.
The V -band photometry for chips 3 and 4 was calibrated against Ca02. The zero points were derived from 1554 and 36 stars above 19 and 20 mag, and the rms scatter of the residuals was 0.09 and 0.06, respectively. Figure 2 shows the calibrated V/V-R colormagnitude diagram (CMD) for the chip 3 reference image.
Astrometry
Equatorial coordinates were determined for the R-band reference image star lists. The transformation from rectangular to equatorial coordinates was derived using 596, 710, 1952 and 615 transformation stars from the 2MASS catalog (Cutri et al. 2003) in chips 1 through 4, respectively. The rms deviation between the catalog and the computed coordinates for the transformation stars was 0.
′′ 12 in right ascension and 0.
′′ 11 in declination.
Fig. 3.-Lef t:
The rms scatter of the R-band light curves for stars on chip 3 with at least 500 data points. The solid curve indicates the photometric precision limit due to Poisson noise of the star and average sky brightness. Right: Detection efficiency of 0.95, 1.15, 1.30 and 1.50 R J planets as a function of magnitude and rms scatter (white: 0%, black 100%), determined in §5.2.
Search for Transiting Planets
Further Data Processing
We rejected from further analysis 96 R-band epochs where fewer than 4000 stars were detected on chip 3 by DAOphot (Stetson 1987) . We also rejected additional 29 to 31 bad quality images from four nights. For chip 3, which suffers from moderate crowding and contains a significant number of saturated stars, we also rejected additional 78 epochs where the full-width at halfmaximum (FWHM) of the stellar point-spread function (PSF) was greater than 10 pixels, and the sky level was over 10,000 ADU. This left us with 807, 809, 729 and 809 highest quality R-band exposures on chips 1-4, with a median seeing of 2.
′′ 3. We also removed 6 V -band images, which left us with 217 exposures with a median seeing of 2.
′′ 6. In the NGC 6791 data, analyzed in Paper III, we noticed in the light curves the presence of offsets between different runs. These were probably due to the periodic UV flooding of the CCD camera, which alters its quantum efficiency as a function of wavelength. In the NGC 2158 dataset analyzed here this problem was found to be much less prominent, possibly due to the fact that this data set was obtained over a shorter period of time (12.5 months, compared to 24 months for NGC 6791). To prevent the transit detection algorithm from mistaking these changes in brightness for transits, we corrected the light curves using the method proposed by Tamuz et al. (2005) . This algorithm was originally envisioned to correct for color-dependent atmospheric extinction, but can be used to correct for any linear systematic effects. We solve for coefficients c i and a j that minimize the following equation:
where r ij is the residual for the observation of the i-th star on the j-th image, or the star's averagesubtracted magnitude, and σ ij is the uncertainty of the measurement of star i on image j. Following Tamuz et al. (2005) , the airmasses were used as initial a j coefficients. We chose to run this algorithm four times. After the fourth application, the amplitude in a j and scatter in c i decreased about two times, relative to the first run. As described in §5.5, this cleaning procedure significantly improves our detection efficiency.
The left panel of Fig. 3 shows the rms scatter of the R-band light curves for stars on chip 3 with at least 500 data points. The solid curve indicates the photometric precision limit due to Poisson noise of the star and average sky brightness. The internal scatter of the rms distribution in NGC 2158 is somewhat larger than in NGC 6791 (Fig. 3 in Paper III). This is mostly due to the fact that NGC 2158 is a much more centrally concentrated cluster (it has 27% more stars within the central 1 ′ than does NGC 6791). Most of the stars with higher than average rms at a given magnitude are located at the cluster center. Also, the average seeing for the NGC 2158 dataset was inferior to the one for NGC 6791: 2.
′′ 3, compared to 2. ′′ 1. The right panel of Fig. 3 shows the detection efficiency of 0.95, 1.15, 1.30 and 1.50 R J planets as a function of magnitude and rms scatter (white: 0%, black 100%), determined in §5.2.
Selection of Transiting Planet Candidates
For further analysis we selected stars with at least 500 good epochs, magnitudes R > 16.29 (the main sequence turnoff; MSTO) and light curve rms below 0.05 mag. This left us with 5159 stars (675, 981, 2680 and 823 stars on chips 1-4, respectively).
To select transiting planet candidates we used the box-fitting least-squares (BLS) method (Kovács, Zucker, & Mazeh 2002) . Adopting a cutoff of 6 in Signal Detection Efficiency (SDE) and 9 in effective signal-to-noise ratio (α), we selected 70 candidates: 3, 21, 17 and 28 on chips 1 through 4, respectively. Many of the candidates turned out to be known eclipsing binaries, some had sinusoidal light curves or periods which were multiples of a day.
It has been pointed out to us by G. Bákos (private communication) that when the number of transits is small, SDE is not a good statistic. We also examined additional 102 candidates with SDE< 6 and α > 20 (13, 48, 6 , 35 on chips 1-4, respectively). Most of the candidates had very discrepant data on one or two nights, most likely due to a nearby saturated star or an unidentified bad column. 
Candidate Transiting Planets/Low Luminosity Objects
We identified one transiting object, TR1, with an R-band amplitude of 3.7% and R-band magnitude of 18.54. Its R-band light curve is shown in the top left panel of Fig. 4 and its parameters are listed in Tab. 1. Using the simple model described in Paper III and §5.2.1, we find that the light curve is consistent with a 0.87 R ⊙ star with a 1.66 R J low luminosity companion, assuming an orbital inclination of 90
• . The top right panel of Fig. 4 shows this model (solid line) superimposed on the R-band light curve. It is likely that the star is a cluster member, as it is located 2.
′ 1 from cluster center and on the CMD it falls on the cluster MS. The only other possibility is that it is a stellar binary with grazing eclipses.
The radii of the seven known Jupiter-mass (0.53-1.45 M J ) transiting planets span the range from 1 to 1.32 R J (The Extrasolar Planets Encyclopaedia 2 ). An eighth planet, HD 149026b, recently found to display transits has a mass of 0.36 M J and a radius of 0.726 R J (Charbonneau et al. 2005) . In light of this, TR1 seems too large to be a planet. Based on models of brown dwarfs (BD) and very low mass stars (VLM), at an age of • .
1 Gyr a radius of 1.66 R J would correspond to a 0.085 M ⊙ star, and at 3.2 Gyr to a 0.140 M ⊙ star (Baraffe et al. 2001) . Assuming an age of 2 Gyr for NGC 2158, as determined by Ca02, such a radius would correspond to ∼0.1 M ⊙ star. Precise determinations of radii and masses for BDs and VLM stars are few. Until recently, only the nearest such systems could be studied, due to their low luminosities and small radii (hence shallow eclipses). The advent of high precision mass photometry has stimulated interest in the search for such systems (Hebb et al. 2004; Pont et al. 2005; Pinfield et al. 2005) . Among the candidates with low SDE we found two stars, V64 and V70, which exhibit eclipses 4-5% in depth (Fig. 4) . The light curves of V64 and V70 are consistent with 2.4 and 2.3 R J objects, respectively, assuming an orbital inclination of 90
• . These stars are located above the cluster MS, especially V70 (on chip 4), so they are either blends or field stars.
There are some discrepant points at phase 0.65 in the light curve for V70. They do not seem to be caused by a defect on the CCD. It is possible that we have not recovered the correct period for this variable. More data would be necessary to resolve this issue.
Estimate of the Number of Expected Detections
The number of transiting planets we should expect to find, N P , can be derived from the following equation:
where N * is the number of stars with sufficient photometric precision, f P is the frequency of planets within the investigated period range and D is the detection efficiency, which accounts for random inclinations. (N * ). In § §5.1 and 5.2 we determine f P and D.
Planet Frequency
The frequency of planets is known to increase with the host star's metallicity. From Figure 7 in Santos et al. (2004) , the frequency of planets with metallicities below [Fe/H] = +0.1 dex is ∼2.5%. The percentage of planets with periods below 10 days is 15%, as determined in Paper III. Combining these two numbers yields f P =0.375%. Please note that the latter estimate is considerably lower than the commonly adopted frequency of 1%.
Detection Efficiency
In order to characterize our detection efficiency, we inserted model transits into the observed light curves, and tried to recover them using the BLS method.
Model Transit Light Curves
The model transit light curves were defined by five parameters: the transit depth, ∆F, total transit duration, t T , transit duration between ingress and egress, t F (the "flat" part of the transit), the period of the planet, P and the limb darkening coefficient, u.
The transit light curves were generated using the approach described in Paper III. To obtain the radius and mass of the cluster stars, we used the Z=0.004 1.995 Gyr isochrone of Girardi et al. (2000) , which is closest to the Z=0.0048 2 Gyr isochrone used by Ca02. A distance modulus (m − M ) R = 14.31 mag was used to bring the observed R-band magnitudes to the absolute magnitude scale (Ca02).
In addition to P , the equations contain two other free parameters: the planet radius, R P and the inclination of the orbit, i. A fourth parameter which affects the detectability of a planet is the epoch of the transits, T 0 .
Test Procedure
We investigated the range of parameters specified in Table 2 , where P is expressed in days, R P in R J , T 0 as a fraction of period. We examined the range of periods from 1.05 to 9.85 days and planet radii from 0.95 to 1.5 R J , with a resolution of 0.2 days and 0.05 R J , respectively. For T 0 we used an increment of 5% of the period, and a 0.025 increment in cos i. The total number of combinations is 432000.
We followed the test procedure described in Paper III. The tests were run on the 5476 stars from chips 1-4 with at least 500 good epochs and light curve rms below 0.05 mag. Figure 5 shows the original, model and combined light curves (upper, middle and lower panels, respectively) for a star with R = 17.21 and a planet with a period of 2.05 days, radius of 1.45 R J and inclination of 84
• . The amplitude of the transit is 0.0175 mag, and the mass and radius of the star, taken from the models, are 1.18 M ⊙ and 1.10 R ⊙ .
To assess the impact of the procedure to correct for offsets between the runs on our detection efficiency, we investigated three cases, where the correction was applied:
A. after inserting transits, B. before inserting transits, C. was not applied at all. Case (B) will give us the detection efficiency if our data did not need to be corrected, and case (C) if we did not apply the corrections. Case (A) will give us our actual detection efficiency, and its comparison with cases (B) and (C) will show how it is affected by the applied correction procedure.
Detection Criteria
The same detection criteria as in Paper III were used. A transit was flagged as detected if:
1. The period recovered by BLS was within 2% of the input period P inp , 2 P inp or 2. The BLS statistics were above the following thresholds: SDE > 6, α > 9.
These detections will be referred to hereafter as firm. Detections where only condition (1) was fulfilled will be called marginal.
Detection Efficiency
The results of the tests are summarized in Table 3, which lists the test type (A-C), the number and percentage of transits with t T ≥ 0.5 h (out of the 432000 possible parameter combinations), and the numbers and percentages (relative to the total number of transits in column 2) of transits detected in the model light curves, and of marginal and firm detections in the combined light curves.
Figures 6-9 show the dependence of the detection efficiency on period, inclination, planet radius and transit amplitude. The hatched, open, filled gray and filled black histograms denote distributions for all transiting planets, planets detected in the model light curves, and marginal and firm detections in the combined light curves, respectively. Left panels show the frequency of transits and transit detections relative to planets with all inclinations. Right panels show the detection completeness normalized to all transiting planets (plotted as hatched histograms in left panels).
The tests show that 9% of planets with periods 1-10 days will transit their parent stars. This frequency drops from ∼22% at P = 1 d to ∼5% at P = 10 d . All planets with inclinations 87 − 90
• transit their host stars, and this fraction drops to ∼78% for i = 86
• and ∼5% for i = 79
• . The frequency of transits increases very weakly with planet radius. The distribution of transit amplitudes has a wide peak stretching from 0.8% to 2%, centered on ∼1.4%.
The percentage of detections for the model light curves illustrates the limitation imposed on our detection efficiency by the temporal coverage alone. Due to incomplete time sampling, we are restricted to 71% of all planets with periods between 1 and 10 days. For periods below 3 days, our temporal coverage is sufficient to detect ∼90% of all transiting planets, and drops to ∼50% at P = 7 days. The detection completeness increases with decreasing inclination because at lower i only short period planets can transit their host stars. It does not depend on the planet radius, and it decreases with increasing transit amplitude.
The source of the dependence of the detection completeness on transit amplitude is not as straightforward as for the other correlations. The amplitude depends on the radii of the star and planet. Since the detection completeness was found to be largely independent of the planet radius, the observed trend must stem from its dependence on the host star's radius, which is a function of its magnitude. Such a correlation is indeed observed, with completeness increasing for brighter stars (not shown here). The link between the temporal coverage and magnitude comes from the observed increase in the number of points in the light curve with decreasing magnitude.
For cases A, B and C, we marginally detect 19%, 19% and 12% of all transiting planets, and firmly detect 7.0%, 6.6% and 2.6%, respectively. Transiting planets with firm detections constitute 80%, 82% and 80% of all stars with SDE > 6 and α > 9. Correcting the light curves after inserting transits (case A) produces almost the same number of detections, compared to the case where the correction was applied to the original light curves (case B). If the light curves were not corrected (case C), we would detect only 37% of the transiting planets detected in case A.
The detection completeness for firm detections peaks at 20% for periods 1 − 2 d and decreases with period more steeply than model detections. It does not show a marked dependence on inclination, and strongly increases with increasing planet radius, from ∼ 2% at 1 R J to 15% at 1.5 R J . This is also apparent in the right panel of Fig. 3 , which shows the detection efficiency of 0.95, 1.15, 1.30 and 1.50 R J planets as a function of magnitude and rms scatter (white: 0%, black 100%).
The detection efficiency peaks at an amplitude of ∼1.5%, due to the most favorable ratio between the transit amplitude and photometric accuracy for this amplitude/magnitude range.
The efficiency of firm transiting planet detections, relative to planets with all orbital inclinations, D, is 2818/432000 = 0.65%.
Number of Transiting Planets Expected
In § § 5.1-5.2 we determined the planet frequency f P to be 0.375%, the number of stars as 5159 and and our detection efficiency D as 0.65%. We should thus expect 0.13 transiting planets among the cluster and field stars. Figure 6 demonstrates that our temporal coverage is not the limiting factor. To increase the number of expected planets it would be necessary to improve the photometric precision. The weather and seeing conditions turned out to be inferior to what we were expecting. A better quality CCD and a telescope with a larger diameter and/or better observing conditions would be required to improve the chances for a successful transiting planet search in NGC 2158.
Discussion
The precision of this estimate is largely limited by the uncertainty in one of our basic assumptions -the distribution of planetary radii. This distribution is not precisely known, and changing it will have a marked effect on the final result. Adopting a distribution of planetary radii from 1.0 to 1.35 R J , corresponding to the radius range spanned by the seven known Jupiter-mass transiting planets (The Extrasolar Planets Encyclopaedia) would lower D from 0.65% to 0.33%. This translates to 0.06 detections, compared to 0.13 with the original radius distribution -a 50% decrease.
In Paper I we made the assumption that the planetary radii would span the range 1-3 R J , based on the radius of 1.347 R J for the only known transiting planet at the time, HD 209458b (Brown et al. 2001) . A simulation for planets in the radius range 1.5-3.0 R J shows that 10% of them transit their parent stars, 72% are detected in the model light curves, and 52% and 35% are marginal and firm detections in the combined light curves. Assuming that planet radii are distributed evenly between 1 and 3 R J would give the percentage of firm detections of 28% and detection efficiency D = 2.9%, which translates into 0.56 expected detections.
We have detected a star which, if a member of the cluster and not a grazing binary, has a transiting companion with a likely radius of about 1.7 R J . The detection rate for 1.7 R J objects is 21%. This would imply that 0.09% of stars in our field of view have a transiting companion of this mass at close separation (period below 10 days).
Variable Stars
We extracted the light curves of 57 known variable stars, discovered in Paper II. In Tables 4-7 we list their revised parameters.
We searched for new variables by running BLS in the period range 0.1-10 days. We have discovered 40 new variables: 2, 6, 24 and 8 on chips 1-4, respectively: 13 eclipsing binaries, 23 other periodic variables and four long period or non-periodic variables. Their parameters are listed in Tables 4-7 and their light curves are shown in Figures 4 and 10-14.
3 They are also plotted on the CMD in 
Eclipsing Binaries
There are 13 eclipsing binaries among the newly discovered variables (Fig. 4 and 10 , Tab. 4). V58-V63 are W UMa type binaries. V60 is very likely a cluster member, based on the KAS97 membership probability and its location on the binary MS. V61 and V63 are located in the blue straggler region. Variables V64 and V67-V70 appear to be detached systems. V64 and V70 were discussed previously in §4.2. V65 displays continuous variation between the eclipses. It appears to be a cluster member and is located at the base of the red giant branch. The shape of the light curve of V66 changed dramatically between 2003 and 2004. This star is a blue straggler, if it belongs to the cluster.
on cfa-ftp.harvard.edu, in the /pub/bmochejs/PISCES directory.
δ Scuti Stars
In Paper II we reported the discovery of five δ Scuti variables, V35-V39. V71 is a newly discovered variable of this type. We have identified four periods in its light curve. It is located just above the MSTO, together with the other δ Scuti variables (Fig. 2) . Table 5 lists the parameters and Table 6 the periods derived for the δ Scuti variables. Figures 11  and 12 show their light curves phased with every identified period. We have identified at least three modes of pulsation for all variables except V39. The identification of the mode of pulsation in δ Scuti stars is not trivial, as the frequencies of highest amplitude have very different order in different stars (Arentoft et al. 2005) . The last two columns of Table 6 give the minimum and maximum difference between the distance modulus computed from the fundamental-mode periodluminosity relation for δ Scuti stars (eq. [4] in Fig. 11 .-R-band light curves of δ Scuti variable V35, phased with each of the six detected periods: top, raw; bottom, subtracted of variability corresponding to other periods. Petersen & Christensen-Daalsgard 1999) and the distance modulus (m-M) 0 =12.80 derived by Ca02. These differences are consistent with the variables being members of the cluster, with the exception of V39. It is likely that the discrepancy for this variable is a result of non-fundamental mode pulsations.
As discussed in Paper II, four of these stars have proper motion data in KAS97. Cluster membership of V36 is confirmed with high probability, while for V35 and V39 the data are not conclusive. The catalog reports a very low cluster membership probability for V38, which is in disagreement with our conclusions based on the δ Scuti P-L relation. The study of KAS97 was also targeting much brighter stars (V > 8 mag) in M 35 and two other clusters at smaller distances than NGC 2158. The authors say that their proper motion measurement "accuracy decreases rapidly for stars fainter than V = 15.5 mag", while the V magnitude range of NGC 2158 variables is 15.7-18.0, and V = 16.04 for V38.
Other Periodic Variables
We have discovered 22 new other periodic variables ( Fig. 13 and Tab. 5). They display roughly sinusoidal light variations with periods ranging from 0.3 to 36 days. The variability in most of these stars is probably caused by star spots, which are rotating in and out of view. Variables V83, V84, V88 and V89 in addition to periodic variability show a change in the magnitude zeropoint between the 2003 and 2004 observations, which is most likely caused by the evolution of star spots.
On the CMD, V75 and V81 are located in the blue straggler region of the CMD, V76, V77, V78, V80 and V87 are located close to MSTO and V82, V83, V85 and V89 are located near the subgiant branch (SGB). The variable V90, if it belongs to the cluster, might be a member of the newly proposed class of variable stars termed "red stragglers" (Albrow et al. 2001) or "sub-subgiant stars" (Mathieu et al. 2003) . Thus far, the origin and evolutionary status of these stars remains unknown. V79 and V91 are located above the MS and may be binary stars or background objects and V72, V73, V74, V84, V86, V88 and V92 seem to be background objects. According to KAS97, V76 is most likely a cluster member, and for V75, V81 and V88 the data are not conclusive.
Cataclysmic Variable Candidate
In Figure 14 we present the light curve of the cataclysmic variable candidate, V57, identified in Paper II. The variable shows four 2.5 mag outbursts which phase with a 48.2 day period (phased light curve shown in Fig. 13) .
In Paper II we determined the V − R color of this variable to be -0.26 in maximum and -0.31 in minimum. In our current data the variable has a much more plausible V − R color: 0.304 in maximum and 0.874 in minimum. The color determi- Fig. 12. -R-band light curves of δ Scuti variables V36, V37, V38 and V71, phased with each detected period: lef t, raw; right, subtracted of variability corresponding to other periods. nation at minimum is very uncertain, due to the faintness of the star and differing minimum magnitudes between the cycles. Assuming the NGC 2158 distance and reddening derived by Ca02, we get the minimum absolute V -band magnitude M V (min) of 6.4 mag. From Fig. 3 .5 in Warner (1995) it is apparent that M V (min) is roughly 8 mag for U Gem type dwarf novae, but even the most extreme Z Cam type systems have M V (min) > 6.8 mag. This would imply that V57 is a dwarf nova located in front of the cluster.
It should be noted, however, that the V band magnitude alone is not sufficient to exclude this variable as a cluster member. Another cataclysmic variable, B7 in the open cluster NGC 6791, is seen most of the time in a high state at M V ∼ 5, and has been caught only once in its low state at M V (min) = 7.4 (Kaluzny et al. 1997) . The high state in VY Scl type CVs can last for several years, and some systems stay in the high state during most of the time (i.e. ST LMi, MR Ser and AN UMa in Kafka & Honeycutt 2005) . Further investigation is needed to resolve the nature of V57. A spectrum of a dwarf nova in quiescence should display Balmer emission on a blue continuum. During outburst the emission lines are gradually overwhelmed by the increasing continuum and development of broad absorption lines (Warner 1995) . If V57 is in a "high" level, like B7, then this will be apparent in the spectrum and emission lines should not be prominent.
Long Period and Non-Periodic Variables
We have discovered four new long period or non-periodic variables (Fig. 14, Tab. 7) . V94 is located near the SGB branch. V95 is located in the red starggler region of the CMD. According to KAS97, V95 is likely a cluster member. V96 and V97 are located on the upper MS, close to the MSTO. V96 is a DEB and could be useful for cluster distance and age determination, due to its location on the MSTO.
Conclusions
In this paper we have performed an extensive search for transiting planets in the intermediate age, populous cluster NGC 2158. The cluster was monitored for over 260 hours during 59 nights.
We have identified a low-luminosity transiting object candidate, TR1. The R-band amplitude of 3.7% implies a 1.66 R J radius for the transiting companion. The location of the host star on the cluster MS and its proximity to the cluster center seem to indicate that it is a member of the cluster. Higher accuracy light curves are required to better costrain the radius and period of TR1, and followup spectroscopy, to estimate the mass of the transiting object, through a measurement, or an upper limit on the central object's radial velocity variations.
Assuming a planet frequency from radial velocity surveys, we estimate that we should have detected 0.13 transiting planets with periods between 1 and 10 days, with our photometric precision and temporal coverage. The main limitation on our detection efficiency was imposed by the photometric precision.
We have discovered 40 new variable stars in NGC 2158: 13 eclipsing binaries, 23 other periodic variables and four non-periodic variables, Together with 57 variables discovered in Paper II, this brings the total number of variables known in this cluster to 97. We have also presented high photometric precision light curves, spanning almost 13 months, for all previously known variables.
Transiting planets have proven to be more challenging to detect than initially expected, as shown by the paucity of detections from the many searches under way in open clusters (i.e. Bruntt et al. 2003; UStAPS: Hood et al. 2005; EX-PLORE/OC: von Braun et al. 2004; STEPSS: Marshall et al. 2005) and in the Galactic field (i.e. EXPLORE: Mallén-Ornelas et al. 2003; OGLE: Udalski et al. 2002a; STARE: Alonso et al. 2003; HAT: Bakos et al. 2004; WASP0: Kane et al. 2005 4 ). To date, only six planets have been discovered independently by transit searches, all of them in the field, and five of those were initially identified by OGLE (Udalski et al. 2002a (Udalski et al. , 2002b (Udalski et al. , 2002c (Udalski et al. , 2003 Alonso et al. 2004 ).
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